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PURPOSE.To provide a method to obtain a thin film crystal solar battery by exfoliating the epitaxial layer 
grown on an Si wafer. 

CONSTITUTIONS porous Si layer 303 is formed on an Si wafer 301 by anodic formation, a patterned 
insulating layer 302 is provided thereon, and an epitaxial Si layer 304 is grown by a selective epitaxial 
growth method. After the insulating layer 302 has been removed through a void 305, the epitaxial Si layer 
304 is separated from the wafer 301 by selectively etching the porous Si layer 303 only. The separated Si 
304 is fixed to a metal substrate, and a solar battery is formed. As a result, a thin film crystal solar battery of 
high quality can be obtained. 
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[Title of the Invention] Method of Manufacturing Solar Cell 
and Solar Cell Obtained by the Method 

[Abstract] 

[Object] to provide a method of peeling an epitaxial layer 
grown on an Si wafer to obtain a thin-film crystal solar cell. 
[Constitution] A porous Si layer 303 is formed on an Si 
wafer 301 by anodization, an insulation layer 302 is 
patterned/formed on the Si wafer, an epitaxial Si layer 304 
is grown by a selective epitaxial growth method, and the 
insulation layer 302 is removed through voids 305. 
Subsequently, the epitaxial Si layer 304 is separated from 
the wafer 301 by selectively etching only the porous Si layer 
303. The separated Si layer 304 is fixed to a metal 
substrate to form a solar cell. 

[Effect] A high-quality thin-film crystal solar cell can be 
obtained. 

[ Claims ] 

[Claim 1] A method of manufacturing a solar cell using an 
epitaxial film grown on a silicon wafer, comprising the steps 
of: 

i) forming a porous layer on one surface of said 
wafer by anodization; 

ii) forming an insulation layer on said porous 
layer and leaving only a part of the insulation layer by 
patterning to form a substrate; 

iii) growing a silicon layer on a porous portion 
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other than said insulation layer of said substrate by a 
selective epitaxial growth method; 

iv) forming a semiconductor junction on a surface 
of said silicon layer; and 

v) removing said insulation layer and the porous 
layer via voids formed on said insulation layer by etching to 
separate said silicon layer from the substrate. 

[Claim 2] The method of manufacturing the solar cell 
according to claim 1 wherein said semiconductor junction is 
formed by introducing impurities. 

[Claim 3] The method of manufacturing the solar cell 
according to claim 1 or 2 wherein said introducing of 
impurities is performed by ion implantation or using thermal 
diffusion. 

[Claim 4] The method of manufacturing the solar cell 
according to claim 1 or 2 wherein said introducing of 
impurities is simultaneously performed during the growth of 
said silicon layer. 

[Claim 5] A solar cell obtained by steps of: 

i) forming a porous layer on one surface of a 
silicon wafer by anodization; 

ii) forming an insulation layer on said porous 
layer and leaving only a part of the insulation layer by 
patterning to form a substrate; 

iii) growing a silicon layer on a porous portion 
other than said insulation layer of said substrate by a 
selective epitaxial growth method; 

iv) forming a semiconductor junction on a surface 
of said silicon layer; and 
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v) removing said insulation layer and the porous 
layer via voids formed on said insulation layer by etching to 
separate said silicon layer from the substrate. 
[Claim 6] The solar cell according to claim 5 wherein said 
semiconductor junction is formed by introducing impurities. 
[Claim 7] The solar cell according to claim 5 or 6 wherein 
said introducing of impurities is performed by ion 
implantation or using thermal diffusion. 

[Claim 8] The solar cell according to claim 5 or 6 wherein 
said introducing of impurities is simultaneously performed 
during the growth of said silicon layer. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field] The present invention relates to a method 
of manufacturing a solar cell and the solar cell, 
particularly to a method of manufacturing a solar cell 
excellent in energy conversion efficiency and the solar cell. 
[0002] 

[Related Art] In various apparatuses, a solar cell is used 
as a drive energy source. 

[0003] In the solar cell, pn junction is used in a 
functional portion, and silicon is generally used as a 
semiconductor constituting the pn junction. The silicon used 
as the semiconductor has a single-crystal, polycrystalline or 
amorphous form. The amorphous silicon is advantageous in 
consideration of area enlargement and cost reduction, but the 
single-crystal silicon is preferably used in consideration of 
an efficiency of converting optical energy to electromotive 
force or a safety. 
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[0004] Recently, the use of polycrystalline silicon has been 
studied for the purpose of obtaining a low cost like the 
amorphous silicon and a high energy conversion efficiency 
like the single-crystal silicon. In a proposed conventional 
method, however, it is difficult to slice a bulk polycrystal 
into plates each having a thickness of 0.3 mm or less for use 
in the same manner as the single-crystal silicon. Therefore, 
the thickness becomes larger than necessary for absorbing a 
sufficient amount of light. In this respect, the material is 
not sufficiently effectively used. Specifically, a 
sufficient thinning is necessary to lower the cost. Recently, 
a method has been proposed in which a silicon sheet is formed 
by spinning method for pouring liquid drops of molten silicon 
into a mold. The thickness of the crystal silicon is about 
0.1 mm to 0.2 mm at minimum, and is not sufficiently smaller 
as compared with the sufficient film thickness (20 to 50 pm) 
necessary for light absorption. 
[0005] 

[Problem to be solved by the Invention] To solve the problem, 
there is proposed a drastic attempt to obtain a high energy 
conversion efficiency and low cost by separating (peeling) a 
grown thin-film epitaxial layer from a single-crystal silicon 
substrate for use in a solar cell (Milnes, A.G. and Feucht, 
D.L., "Peeled Film Technology Solar Cells", IEEE Photo- 
voltaic Specialist Conference, p. 338, 1975). 
[0006] In the method described above, however, it is 
necessary to insert an intermediate layer of SiGe between the 
substrate or single-crystal silicon and the grown epitaxial 
layer for hetero-epitaxial growth, and selectively melt the 
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intermediate layer to peel the grown layer. In general, in 
the hetero-epitaxial growth, defects are easily induced in a 
growth interface because of different grid constants. 
Moreover, since different materials are used, process cost is 
not advantageous. 

[0007] On the other hand, in a method of manufacturing a 
solar cell disclosed in U.S. Pat. No. 4,816,420, a sheet-like 
crystal is formed on a crystal substrate via a mask material 
by the selective epitaxial growth and lateral growth, and 
subsequently separated from the substrate, so that a thin 
crystal solar cell can be obtained. 

[0008] In the above method, however, an opening formed in 
the mask material is linear. When the sheet -like crystal 
grown from a line seed using the selective epitaxial growth 
and lateral growth is separated, crystal cleavage is used for 
mechanical peeling. In this case, if the line seed is 
relatively large, the contact area with the substrate is 
enlarged. Therefore, the sheet -like crystal is broken during 
peeling. Especially, to enlarge the area of the solar cell, 
even if a line width is narrowed (practically around 1 \xm) , a 
critical problem is caused by a line length of several 
millimeters to several centimeters or more. 

[0009] Moreover, in the aforementioned method, for example, 
Si0 2 is used as the mask material to grow a silicon thin film 
at a substrate temperature of 1000°C by the selective 
epitaxial growth and lateral growth, but considerable 
lamination defects (face defects) may be introduced toward 
the silicon layer in the vicinity of a silicon layer/Si0 2 
interface by reaction of the silicon layer grown at the high 
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temperature with Si0 2 . Such defects adversely affect the 
characteristics of the solar cell. 

[0010] The present invention eliminates the shortcomings of 
the aforementioned prior arts, and provides a method of 
manufacturing a good-quality thin film single-crystal solar 
cell. 

[0011] An object of the present invention is to provide a 
high-quality solar cell using a single-crystal semiconductor. 
[0012] Another object of the present invention is to provide 
an inexpensive solar cell by transferring an epitaxial layer 
formed on a silicon wafer to SUS substrate or another 
substrate. 
[0013] 

[Means and Action for solving the Problem] The present 
invention has been completed as a result of intensive 
researches by the present inventors et al. to solve the 
problems in the aforementioned prior arts, and attain the 
aforementioned objects. Specifically, the present invention 
provides a method of manufacturing a solar cell using an 
epitaxial film grown on a silicon wafer, comprising steps of: 
i) forming a porous layer on one surface of the wafer by 
anodization; ii) forming an insulation layer on the porous 
layer and leaving only a part of the insulation layer by 
patterning to form a substrate; iii) growing a silicon layer 
on the porous layer other than the insulation layer of the 
substrate by a selective epitaxial growth method; iv) forming 
a semiconductor junction on a surface of the silicon layer; 
and v) removing the insulation layer and the porous layer via 
voids formed on the insulation layer by etching to separate 
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the silicon layer from the substrate. 

[0014] The present invention provides a solar cell obtained 
by steps of: i) forming a porous layer on one surface of a 
silicon wafer by anodization; ii) forming an insulation layer 
on the porous layer and leaving only a part of the insulation 
layer by patterning to form a substrate; iii) growing a 
silicon layer on the porous layer other than the insulation 
layer of the substrate by a selective epitaxial growth 
method; iv) forming a semiconductor junction on a surface of 
the silicon layer; and v) removing the insulation layer and 
the porous layer via voids formed on the insulation layer by 
etching to separate the silicon layer from the substrate. 
[0015] In major technique of the present invention, as shown 
in Fig. 3, the surface of the silicon wafer is made porous in 
HF solution by anodization, on which the silicon layer is 
laminated by the selective epitaxial growth using a partially 
formed non nucleus forming face and porous face. The porous 
layer is removed via the voids on the non nucleus forming 
face by selective etching, so that the single-crystal silicon 
thin film is formed. 

[0016] Here, a general principle of the selective epitaxial 
growth method will briefly be described. In the selective 
epitaxial growth method, when the epitaxial growth is 
performed using a gas phase growth process or the like, as 
shown in Figs. 2(a), (b), the epitaxial growth is performed 
using the exposed silicon surface other than the insulation 
layer as a seed crystal on the condition that nucleus 
formation does not occur on an oxide film or another 
insulation layer formed on the silicon wafer. This is a 
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selective crystal growth method. 

[0017] In formation of porous silicon by anodization, 
positive holes are necessary for anodic reaction. Therefore, 
p-type silicon in which the positive holes exist is mainly 
made porous (T. Unagami, J. Elect rochem. Soc, vol. 127, 476 
(1980)). 

[0018] On the other hand, it is reported that a low- 
resistance n-type silicon can be made porous (R.P. Holmstrom 
and J.Y. Chi, Appl. Phys. Lett., vol. 42, 386 (1983)). The 
low-resistance silicon can be made porous irrespective of p 
type or n type. According to observation with a transmission 
type electronic microscope, holes having a diameter of about 
hundreds of angstroms are formed in the porous silicon 
obtained by anodizing the single-crystal silicon, and the 
density thereof is half or less that of the single-crystal 
silicon. However, single-crystal properties are maintained. 
It is generally known that the epitaxial layer is grown on 
the porous silicon by LPCVD process or the like. Furthermore, 
since a large amount of voids exist inside the porous silicon 
as described above, and the surface area is dramatically 
increased as compared with the volume, the chemical etching 
rate is remarkably increased as compared with the ordinary 
single-crystal silicon etching rate. 

[0019] Moreover, only aqueous NaOH is used as a selective 
etching liquid of an ordinary crystal silicon and porous 
silicon. In the selective etching of the porous silicon 
using the aqueous NaOH, Na ions are adsorbed by an etched 
surface, which disadvantageously causes contamination by 
impurities . 
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[0020] The present inventors et al. have conducted 
experiments, and have found that when the insulation layer as 
the non nucleus forming face is partially formed on the top 
surface of the porous layer, the single-crystal silicon layer 
can be formed only on the porous surface by the selective 
epitaxial growth using the insulation layer and porous 
surface, and that only the porous silicon layer can 
selectively be etched with a mixture solution of hydrofluoric 
acid, alcohol and hydrogen peroxide having no etching action 
on the crystal silicon via the voids on . the insulation layer. 
As a result, it has been recognized that a good-quality thin- 
film single-crystal silicon layer can be transferred on the 
metal substrate or another non single-crystal substrate, and 
the present invention has been completed. The experiments 
conducted by the present inventors et al. will be described 
hereinafter in detail. 

[0021] (Experiment 1) Formation of Porous Silicon 

A p-type (100) single-crystal silicon wafer having a 
thickness of 500 \xm and a specific resistance 0.01 Q # cm was 
anodized in aqueous HF solution. Anodization conditions are 
shown in Table 1. 

[0022] When a surface of an obtained porous silicon layer 
was observed with a transmission type electronic microscope, 
holes having an average diameter of about 600 angstroms were 
formed. Moreover, when a section of the porous silicon layer 
was observed with a high resolution scanning type electronic 
microscope, it was confirmed that micro holes were similarly 
formed vertically to the substrate. Furthermore, for the 
conditions of Table 1, when an anodization time was 
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lengthened, the porous silicon layer thickness was increased, 

and a density was measured, the density of the porous silicon 

layer was 1.1 g/cm 3 or about half that of the single-crystal 

silicon. 

[0023] 

[Table 1] 



APPLIED VOLTAGE 


2.6 V 


CURRENT DENSITY 


30 mA/cm 2 


ANODIZATION SOLUTION 


HF:H 2 0:C 2 H 5 0H=1:1:1 


TIME 


1 min 


POROUS LAYER THICKNESS 


2.5 



(Experiment 2) Selective Epitaxi al Growth Method using Porous 
Silicon 

As shown in Fig. 3(a) a thermally oxide film of 3000 
angstroms was formed as an insulation layer 302 on the 
surface of the porous silicon layer on the wafer formed in 
Experiment 1, etching was performed using photolithography, 
patterning was performed in a square having a side a=70 \m. 
and the layers were arranged at an interval b=400 \xm. 
Subsequently, the selective epitaxial growth was performed by 
an ordinary low pressure CVD process (LPCVD process). Used 
as a raw material was SiH 2 Cl 2 . Furthermore, H 2 as a carrier 
gas and HC1 for suppressing nucleus generation on the oxide 
film of the insulation layer were applied. Growth conditions 
are shown in Table 2. 

[0024] After the growth was completed, a state of a crystal 
growth surface was observed with an optical microscope and 
scanning type electronic microscope, and the state was 
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confirmed as shown in Fig. 3(b). 
[0025] 

[Table 2] 



GAS FLOW RATE 
1/min 


SUBSTRATE TEMPERATURE 

°C 


PRESSURE 
Torr 


GROWTH TIME 
min 


SiH 2 Cl 2 /HCl/H 2 = 
0.5/2/100 


950 


100 


40 



Here a smooth surface was obtained. Moreover, when 



observing the section of a growth layer with the transmission 
type electronic microscope, a single-crystal epitaxial layer 
having excellent crystal properties was confirmed. States as 
seen from above the substrate before and after the growth are 
shown in Figs* 4(a), 4(b). Since the epitaxial layer 
overgrows on the insulation layer, a magnitude of the void is 
smaller than that of the insulation layer. 

[0026] (Experiment 3) Selective Etching of Porous Silicon 
The etching of the porous silicon prepared on the 
same condition as that of Experiment 1 by the mixture 
solution of hydrofluoric acid, alcohol and hydrogen peroxide 
was checked. 

[0027] Fig. 5 shows dependence of a thickness of the porous 
silicon or the single-crystal silicon on time, when the 
porous silicon or the single- crystal silicon was impregnated 
with the mixture liquid (10:6:50) of 49% hydrofluoric acid, 
100% ethyl alcohol and 30% hydrogen peroxide without being 
stirred. The thickness of the porous silicon or the single - 
crystal silicon before the etching was 300 \im, 500 \m. 
[0028] The porous silicon or the single-crystal silicon was 
impregnated with the mixture liquid, and a decrease in 
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thickness was measured. The porous silicon was quickly 
etched: 107 \ua in about 40 minutes; further 244 ^m in 80 
minutes. Although the etching rate was high, an etched 
surface was flat. On the other hand, the single-crystal 
silicon was etched by a thickness of 50 angstroms or less 
even after 120 minutes elapsed, and it was hardly etched. 
[0029] (Experiment 4) Separation of Epitaxial Film by 
removing Insulation La yer and Porous Layar 

The wafer with an epitaxial film 305 grown on a 
porous silicon 304 obtained in Experiment 2 was immersed in 
aqueous HF solution, and the insulation layer or oxide film 
302 was etched and removed via voids 303 (Fig. 3(c)). 
Subsequently, the wafer was immersed in the same mixture 
etching liquid as described above and left to stand. Then, 
only the porous silicon was selectively etched via the voids 
303, and the epitaxial film 305 was separated from the wafer 
(Fig. 3(d)). After rinsing/drying, the state of an epitaxial 
surface (facing the porous layer) was observed with the high- 
resolution scanning type electronic microscope, and the 
single-crystal silicon layer having a very flat surface was 
formed in a thickness of about 13 Moreover, the surface 

(facing the porous layer) of the wafer was observed in the 
same manner, it was also very flat. 
[0030] (Experiment 5) Formation of Solar Cell 

A solar cell was prepared based on results of 
Experiments 1 to 4. A porous silicon layer was formed on a 
silicon wafer on the conditions of Table 1 in the same manner 
as Experiment 1. A thermally oxide film of 3000 angstroms 
was formed as an insulation layer on a porous silicon surface, 
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patterning was performed in a square having a side a=70 |um, 
and the layers were arranged at an interval b=400 pun. 
Subsequently, selective epitaxial growth was performed on the 
conditions of Table 2 by an ordinary LPCVD device. The wafer 
was immersed in aqueous HF solution in the same manner as 
Experiment 4, an oxide film was removed through voids, the 
wafer was further immersed in the mixture liquid of 
hydrofluoric acid/ethyl alcohol /hydrogen peroxide to 
selectively etch the porous silicon, and the wafer and 
epitaxial film were separated. After the separated epitaxial 
thin film was cleaned/dried, it was placed on a metal 
substrate (Cr substrate), and annealed in N 2 at 600°C. A 
silicide layer was formed on an interface of metal (Cr) and 
epitaxial layer, and the epitaxial layer was fixed onto the 
metal substrate. 

[0031] Subsequently, an epitaxial layer surface and a metal 
(Cr) surface exposed in the voids of the epitaxial layer were 
simultaneously oxidized in an atmosphere of 0 2 at 900°C. 
Only the oxide film on the surface of the epitaxial layer was 
etched in the aqueous HF solution to expose a silicon surface. 
[0032] Subsequently, ions were implanted into the epitaxial 
layer surface at 50 KeV, lxlO I5 cm* 2 , and continuous annealing 
was performed at 550°C for one hour, 800°C for 30 min. and 
550°C for one hour to activate impurities and recover damages 
by the ion implantation, so that junction was formed. 
Finally, a transparent conductive film and current collector 
electrode were vacuum- deposited on the epitaxial layer 
surface to prepare the solar cell. 

[0033] For the solar cell prepared by separating the 
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epitaxial thin film grown on the porous layer from the wafer 
as described above, when current -voltage characteristics (I-V 
characteristics) were measured under AM 1.5 (100 mW/cm 2 ) 
light irradiation, at a cell area of 6 cm 2 , an open voltage 
was 0.56 V, short-circuit photoelectric current was 30 mA/cm 2 , 
curve factor was 0.74, and conversion efficiency was 12.4%. 
An excellent crystal solar cell was obtained. 
[0034] The present invention is characterized in that the 
wafer for forming the porous layer can be reused, and is cost 
effective. 

[0035] A hydrofluoric acid solution is used in the 
anodization method for forming the porous silicon layer for 
use in the present invention, and porosity can be obtained at 
HF concentration of 10% or more. An amount of electric 
current flowing during the anodization is appropriately 
determined by HF concentration, desired porous layer 
thickness, and the like, but preferably in the range of about 
several mA/cm 2 to several dozens of mA/cm 2 . Moreover, when 
ethyl alcohol or another alcohol is applied to HF solution, 
air bubbles of reaction product gas generated during the 
anodization can momentarily be removed from a reaction 
surface without being stirred. The porous silicon can be 
formed uniformly and efficiently. An amount of applied 
alcohol is appropriately determined by HF concentration, 
desired porous layer thickness, and the like, but needs to be 
determined particularly not to excessively lower the HF 
concentration . 

[0036] The mixture liquid of hydrofluoric acid,- alcohol and 
hydrogen peroxide is used as the selective etching liquid of 



the porous silicon for use in the present invention. 
Especially, silicon oxidation is accelerated by applying the 
hydrogen peroxide. In this case, reaction rate can be 
increased as compared with when no hydrogen peroxide is 
applied, and can be controlled by changing the ratio of 
hydrogen peroxide. Moreover, when ethyl alcohol or another 
alcohol is applied, air bubbles of reaction product gas by 
etching can momentarily be removed from an etched surface 
without being stirred, and the porous silicon can be etched 
uniformly and efficiently. Each solution concentration of 
the etching liquid and temperature conditions during etching 
are appropriately determined in a range in which the etching 
rate of porous silicon and the etching selection ratio of 
porous silicon to ordinary single-crystal silicon do not 
cause any practical problem in manufacture processes, and in 
a range in which the alcohol effect is prevented from being 
impaired . 

[0037] In the present invention, as a material of the 
insulation layer forming the non nucleus forming face on the 
porous silicon, a material remarkably smaller in nucleus 
forming density than silicon is used because nucleus 
generation needs to be suppressed during epitaxial layer 
growth. For example, Si0 2 , Si 3 N 4 or the like is typically 
used. Moreover, an insulation layer thickness is not 
especially limited, but is preferably in the range of 0.1 to 
1 \un. 

[0038] The non nucleus forming face on the porous silicon in 
the present invention is not especially limited and is of any 
shape. When it is square, how ver, a side length is 
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appropriately determined by the thickness of the epitaxial 
layer to be grown, and preferably in the range of a=30 to 300 
\ua. The arrangement of non nucleus forming faces is not 
especially limited, but a grid point arrangement is a typical 
example. An interval (cycle) of arranging the non nucleus 
forming faces is appropriately determined by the thickness of 
the insulation layer as the non nucleus forming face and the 
thickness of the epitaxial layer, and preferably in the range 
of b=50 Mm to 5 mm. 

[0039] Examples of a method for forming the non nucleus 
forming face or insulation layer include a thermal oxidation 
method, normal pressure CVD method and the like for Si0 2 , and 
LPCVD method, plasma CVD method and the like for Si 3 N 4 . 
[0040] Examples of selective epitaxial growth method for use 
in the present invention include LPCVD, sputtering, plasma 
CVD, optical CVD, liquid phase growth method and the like. 
Examples of material gas for use in LPCVD, plasma CVD, 
optical CVD and another gas phase growth method include S1H 2 , 
Cl 2 , SiCl 4 , SiHCl 3 , SiH 4 , Si 2 H 6 , SiH 2 F 2 , Si 2 F 6 or other silanes, 
silane halides and the like. Moreover, H 2 is added to the 
material gas as a carrier gas or for the purpose of obtaining 
a reducing atmosphere promoting the crystal growth. An 
amount proportion of the material gas and hydrogen is 
appropriately determined by a forming method, material gas 
type and forming conditions, but preferably in the range of 
1:10 to 1:1000 (introduction flow rate), more preferably 1:20 
to 1:800. 

[0041] Furthermore in the gas phase growth method, HC1 is 
used to suppress the nucleus generation on the insulation 

16 



layer. The application amount of HC1 to the material gas is 
appropriately determined by the forming method, material gas 
type, insulation layer material and forming conditions, 
preferably in the range of 1:0.1 to 1:100, more preferably 
1:0.2 to 1:80. 

[0042] In the liquid phase growth method. Si is dissolved in 
solvent of Ga, In, Sb, Bi, Sn or the like in H 2 or N 2 
atmosphere, and the solvent is slow cooled or a temperature 
difference is made in the solvent, so that the epitaxial 
growth is performed. When Sn is used as the solvent, 
obtained crystal is electrically neutral, and conductive type 
can be determined at a desired doping concentration by 
appropriately applying desired impurities after or during the 
growth . 

[0043] Moreover, the temperature and pressure in the 
selective epitaxial growth method for use in the present 
invention differ with the forming method, used material gas 
type, flow ratio of material gas and H 2 and other forming 
conditions but, for example, in the ordinary LPCVD method the 
temperature is preferably controlled in the range of 600°C to 
1250°C, more preferably 650°C to 1200°C. In the liquid phase 
growth method, the temperature differs with solvent type, but 
is preferably controlled in the range of 850°C to 1050°C when 
Sn is used. Moreover, in the plasma CVD method or another 
low temperature process, the temperature is preferably 
controlled in the range of 200°C to 600°C, more preferably 
200°C to 500°C. 

[0044] Similarly, the pressure is preferably in the range of 
10* 2 Torr to 760 Torr, more preferably 10* 1 Torr to 760 Torr. 
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[0045] In the method of manufacturing the solar cell of the 
present invention, a metal substrate material to which the 
epitaxial film is transferr d may be any arbitrary metal 
having an excellent conductivity and forming a compound of 
silicon, silicide or the like, such as W, Mo, Cr and the like. 
Of course, any other material may be used as long as the 
metal having the mentioned properties sticks to the surface. 
Therefore, an inexpensive substrate other than metal can be 
used. A thickness of silicide layer is not especially 
limited, but preferably in the range of 0.01 to 0.1 jim. 
[0046] Moreover, in the method of manufacturing the solar 
cell of the present invention, a depth of formed junction 
varies with the amount of introduced impurities, but is 
preferably in the range of 0.05 to 3 \un, more preferably 0.1 
to 1 |im. 
[0047] 

[Embodiment] The present invention will be described 
hereinafter in more detail by illustrating embodiments, but 
the present invention is not limited to the embodiments. 
[0048] Example 1 

As described above, an epitaxial silicon thin-film 
solar cell was prepared in a process shown in Fig. 1 in the 
same manner as Experiments 1 to 5. 

[0049] Anodization was performed on a p-type (100) silicon 
wafer 101 with a thickness of 500 \m (p=0.0lQ»cm) in aqueous 
HF solution on conditions of Table 3, and the wafer 101 was 
made porous to form a porous silicon layer 103 (Fig. 1(a)). 
[0050] An insulation layer or Si0 2 of 4000 angstroms was 
deposited on a surface of porous silicon layer 103 by an 
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ordinary normal-pressure CVD device, wet etching was 
performed to pattern a square having a side a=120 \im, and 
insulation layers 102 were formed in grid points at an 
interval b=600 \ua (Fig. 1(a)). 
[0051] 
[Table 3] 



APPLIED VOLTAGE 


2.6 V 


CURRENT DENSITY 


30 mA/cm 2 


ANODIZATION SOLUTION 


HF:H 2 0:C 2 H 5 OH=l:l:l 


TIME 


2 min 


POROUS LAYER THICKNESS 


5 fim 



[0052] Selective epitaxial growth was performed on forming 
conditions of Table 4 by an LPCVD device to form an epitaxial 
silicon layer 104 in a thickness of about 50 \xm (Fig. 1(b)). 
[0053] 
[Table 4] 



GAS FLOW RATE 
(1/min) 


SUBSTRATE TEMPERATURE 

(°C) 


PRESSURE 
( Torr ) 


GROWTH TIME 
(min) 


SiH 2 Cl 2 /HCl/H 2 = 
0.5/1.6/100 


950 


100 


40 



[0054] In the same manner as Experiments 4, 5 the wafer was 
immersed in aqueous HF solution, Si0 2 insulation layers 102 



were removed through voids, and the wafer was further 
immersed in the mixture solution (10:6:50) of 49% 
hydrofluoric acid, 100% alcohol and 30% hydrogen peroxide to 
perform selective etching of porous layer 103 (Fig. 1(c)). 
The separated epitaxial layer 104 was placed on SUS substrate 
101 with Cr deposited thereon, and annealing was performed in 
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the same manner as Experiment 5 to form a silicide layer 107 
on an interface of Cr face and epitaxial layer, so that the 
epitaxial layer 104 was fixed to the substrate (Fig. 1(d)). 
Subsequently, P thermal diffusion was performed on a surface 
of epitaxial layer 104 using P0C1 3 as a diffusion source at 
900°C to form n + layer 108, so that a junction depth of about 
0.5 \m was obtained (Fig. 1(e)). After a dead layer of a 
surface of formed n + layer 108 was wet oxidized, the layer 
was removed by etching, and a junction depth of about 0.2 pun 
having an appropriate surface concentration was obtained. In 
the wet oxidation process, the Cr surface exposed in voids of 
the epitaxial layer was also oxidized to form insulation 
layers 109 (Fig. 1(f)). 

[0055] Finally, by EB (Electron Beam) deposition, ITO 
transparent conductive film (820 angstroms ) /current collector 
electrode (Cr/Ag/Cr (200 angstroms/1 [m/AOO angstroms)) were 
formed on the n + layer (Fig. 1(g)). 

[0056] For a thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at a cell area 
of 6 cm 2 , an open voltage was 0.58 V, short-circuit 
photoelectric current was 32 mA/cm 2 , curve factor was 0.75, 
and conversion efficiency was 13.9%. A thin-film crystal 
solar cell having excellent characteristics can be prepared 
using the epitaxial layer separated (peeled) from the wafer 
as described above. 
[0057] Example 2 

A p + n thin -film crystal solar cell was prepared in 
the same manner as Example 1. Anodization was performed on 



an n-type (100) silicon wafer 101 with a thickness of 500 \xm 
(p=0.0lQ # cm) in aqueous HF solution on the conditions of 
Table 1, and a porous silicon layer 103 was formed on the 
wafer 101. 

[0058] An insulation layer or Si 3 N 4 of 3000 angstroms was 
deposited by an LPCVD device, and Si 3 N 4 layer 102 was 
pattered using RIE (Reactive Ion Etching) device at a=100 urn, 
b=500 jim in the same manner as Example 1. 
[0059] Selective epitaxial growth was performed on the 
forming conditions of Table 4 by the LPCVD device to form an 
epitaxial layer 104 with a thickness of about 50 nm. 
[0060] The wafer was immersed in hot phosphoric acid 
solution of 180°C, Si 3 N 4 was removed through the voids, and 
the wafer was further immersed in the mixture solution 
(10:6:50) of 49% hydrofluoric acid, 100% alcohol and 30% 
hydrogen peroxide to selectively etch the porous layer 103. 
[0061] The epitaxial layer 104 separated from the wafer was 
placed on Mo substrate 101 with a thickness of 0.9 mm, and 
annealing was performed at 550°C to form a silicide layer 107. 
Subsequently, B thermal diffusion was performed on a surface 
of epitaxial layer 104 using BC1 3 as a diffusion source at 
950°C to form p + layer 108, so that a junction depth of about 
0.5 pm was obtained. After a dead layer of a surface of 
formed p* layer was wet oxidized, the layer was removed by 
etching, and a junctiqn depth of about 0.2 |im having an 
appropriate surface concentration was obtained. In the. wet 
oxidation process, the Mo surface exposed in voids of the 
epitaxial layer was also oxidized and insulated. . 
[0062] Finally, by EB deposition, ITO transparent conductive 



film (820 angstroms) /current collector electrode (Cr/Ag/Cr 
(200 angstroms/1 jim/400 angstroms)) were formed on the p + 
layer . 

[0063] For a thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at a cell area 
of 6 cm 2 , an open voltage was 0,57 V, short-circuit 
photoelectric current was 31.5 mA/cm 2 # curve factor was 0.77, 
and energy conversion efficiency was 13.8%. 
[0064] Example 3 

A p + fxc-Si/crystal silicon hetero-type solar cell was 
prepared. Figs. 6(a) to (g) show a process of preparing the 
hetero-type solar cell. By the process similar to that of 
Examples 1, 2 a porous silicon layer 603 of 1 \m was formed 
on a wafer 601, on which Si0 2 film was deposited. Patterning 
was performed at a=120 \m, b=600 \xm to form an insulation 
layer 602. Selective epitaxial growth was performed on the 
forming conditions of Table 4 by the LPCVD method to deposit 
an epitaxial layer 104. 

[0065] The wafer was immersed in aqueous HF solution, Si0 2 
was removed through the voids, and the wafer was further 
immersed in the mixture solution (10:6:50) of 49% 
hydrofluoric acid, 100% alcohol and 30% hydrogen peroxide to 
selectively etch the porous layer 603. 

[0066] The separated epitaxial layer 604 was placed on SUS 
substrate 606 with Cr deposited thereon, and annealing was 
performed to form a silicide layer 607 in an interface of Cr 
face and epitaxial layer, so that the epitaxial, layer 604 was 
fixed to the substrate 606. Annealing was further performed 



in 0 2 atmosphere, and Cr surface exposed in voids of the 
epitaxial layer was oxidized. After Si0 2 formed on the 
epitaxial layer surface was etched and removed, p type pic- Si 
layer 609 of 200 angstroms was deposited on the epitaxial 
layer 604 on conditions of Table 5 by an ordinary plasma CVD 
device. In this case, a dark conductivity of the pic-Si film 
was 10 1 S # cm" 1 at maximum. 
[0067] 
[Table 5] 



GAS FLOW RATE 


SUBSTRATE 
TEMPERATURE °C 


PRESSURE 
Torr 


DISCHARGE POWER 
W 


SiH 4 H 2 =lcc/20cc 
B 2 H 6 /SiH 4 = 2.0xlO -2 


250 


0.5 


20 



[0068] After a hetero-type pn junction was formed as 
described above, ITO as a transparent conductive film 610 was 
deposited in about 850 angstroms by electron beams, and 
further a current collector electrode (Cr/Ag/Cr (200 
angstroms/1 nm/400 angstroms)) 611 was formed. 
[0069] For a p>c-Si/crystal silicon hetero-type solar cell 
obtained as described above, when I-V characteristics under 
AM 1.5 light irradiation were measured (cell area of 6 cm 2 ), 
an open voltage was 0.60 V, short-circuit photoelectric 
current was 32 mA/cm 2 , curve factor was 0.73, and conversion 
efficiency was 14%. High values were obtained in this manner. 
A higher open voltage can be obtained using the hetero- 
junctJlon. 
[0070] Example 4 

A n*p type polycrystalline solar cell as shown in Fig. 
1 was prepared using a liquid phase growth method. In the 
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same manner as Experiment 1, anodization was performed on a 
p-type (100) silicon wafer (p=0 . OlQ^cm) 101 with a thickness 
of 500 \m in aqueous HF solution on conditions of Table 3 to 
form a porous silicon layer 103 on the wafer 101. Deposited 
on a surface of the porous silicon was Si0 2 of 3000 angstroms 
by thermal oxidation. Wet etching was performed to pattern a 
square having a side a=120 urn, and insulation layers 102 were 
formed in grid points at an interval b=600 jim. 
[0071] 
[Table 6] 



H 2 FLOW RATE 
1/min 


SOLVENT (Sn) TEMPERATURE 
°C 


SLOW COOLING RATE 
°C/min 


2.0 


950 -» 900 


0.5 



[0072] Selective epitaxial growth was performed on 
conditions of Table 6 by the liquid phase growth method, and 
an epitaxial layer 104 was grown by about 45 pun- In this 
case Sn was used as solvent, and Si was dissolved and 
saturated beforehand in Sn before the growth. Thereafter, 
slow cooling was started. In a certain supersaturated state, 
the porous layer surface of the wafer was immersed in Sn 
solution, and growth was performed for a predetermined time. 
Since Sn has a bad wettability to Si0 2 , Si fails to separate 
out on Si0 2 , and remarkably high selective growth properties 
are kept . 

[0073] The wafer was immersed in aqueous HF solution, Si0 2 
was removed through the voids, and the wafer was further 
immersed in the mixture solution (10:6:50) of 49% 
hydrofluoric acid, 100% alcohol and 30% hydrogen -peroxide to 
selectively etch the porous layer 103. The separated 



< 

epitaxial layer 104 was placed on SUS substrate 101 with Cr 
deposited thereon, and annealing was performed to form a 
silicide layer 107 in an interface of Cr face and epitaxial 
layer, so that the epitaxial layer was fixed to the substrate. 
Subsequently, P thermal diffusion was performed on the 
epitaxial layer surface using P0C1 3 as a diffusion source at 
900°C to form n + layer 108, so that a junction depth of about 
0.5 \xm was obtained. After a dead layer of formed n* layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 \nn having an appropriate 
surface concentration was obtained. In the wet oxidation 
process, Cr surface exposed in the voids of the epitaxial 
layer was also oxidized and insulated. 
[0074] Finally, by EB (Electron Beam) deposition, ITO 
transparent conductive film (820 angstroms) 110/current 
collector electrode (Cr/Ag/Cr (200 angstroms/1 \xm/A00 
angstroms)) 111 were formed on the n + layer 108. 
[0075] For a thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at a cell area 
of 4 cm 2 , an open voltage was 0.58 V, short-circuit 
photoelectric current was 31 mA/cm 2 , curve factor was 0.75, 
and energy conversion efficiency was 13.5%. 
[0076] According to the present invention, a good-quality 
epitaxial silicon layer grown on the porous silicon formed on 
the wafer can be transferred to the non single-crystal 
substrate, so that a higher quality, less expensive solar 
cell can be manufactured as compared with the prior art. 
[0077] 
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[Effect of the Invention] As described above, according to 
the present invention, a crystal thin-film solar cell having 
excellent characteristics can be formed on a metal substrate 
or another non single-crystal substrate. Therefore, 
productive, inexpensive and good-quality solar cells can be 
provided on the market. 
[Brief Description of the Drawings] 

[Fig. 1] It is a schematic view showing a manufacture 
process of a solar cell of the present invention. 
[Fig. 2] It is a schematic view showing a selective 
epitaxial growth method. 

[Fig. 3] It is a schematic view showing that an epitaxial 
silicon thin layer is separated from a wafer by a method of 
the present invention. 

[Fig. 4] It is a schematic view showing that an epitaxial 
silicon thin layer is separated from a wafer by a method of 
the present invention. 

[Fig. 5] It is a graph showing the time dependence of a 
thickness of a porous silicon or a single-crystal silicon 
etched by a selective etching liquid. 

[Fig. 6] It is a schematic view showing a manufacture 
process of p + jxc-Si/crystal silicon hetero-type solar cell 
prepared by a method of the present invention. 
[Description of Reference Numerals] 

101, 202, 301, 601 Si wafer 
106, 606 substrate 

102, 302, 602 insulation layer 

103, 303, 603 porous silicon layer .. . 

104, 203, 304, 604 epitaxial silicon layer 



108 p + layer (n + layer) 

609 p>c-Si layer 

110, 610 transparent conductive layer 

111, 611 current collector electrode 
105, 305, 605 void 

107, 607 metal 

109, 608 oxide layer 

201 non nucleus forming face 
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